Introduction
============

The prevalence of low back pain is reported to be 18%--30%, with sacroiliac joint pain accounting for up to 40% of all low back pain complaints.[@b1-jpr-6-505] The International Association for the Study of Pain diagnostic criteria for sacroiliac syndrome include: pain in the region of the sacroiliac joint with possible radiation to the groin, medial buttocks, and posterior thigh; reproduction of pain by physical examination techniques that stress the joint; elimination of pain by intra-articular injection of local anesthetic; and an ostensibly morphologically normal joint without demonstrable pathognomonic radiographic abnormalities.[@b2-jpr-6-505]

The treatment of sacroiliac joint pain is challenging. Various treatment options include intra-articular injection of local anesthetic and corticosteroid, radiofrequency denervation, and surgical stabilization, but none has been consistently shown to provide effective and long-term pain relief.[@b3-jpr-6-505]

Radiofrequency denervation is a minimally invasive procedure that uses radiofrequency thermal energy to ablate the sensory nerve fibers of the sacroiliac joint, thereby interrupting nociceptive signals. Innervation of the sacroiliac joint remains a subject of much debate, but it is generally believed that the lateral branches of S1--S3 and the L4--L5 dorsal rami innervate the posterior sacroiliac joint.[@b4-jpr-6-505] The lateral branches from S1--S3 emerge from the posterior sacral foramina and travel in a variable pattern to the sacroiliac joint. Because of the inconsistent sensory distribution to the sacroiliac joint, studies using conventional radiofrequency denervation to treat sacroiliac joint pain have produced conflicting results.[@b4-jpr-6-505]--[@b6-jpr-6-505]

Cooled radiofrequency is a novel technique whereby internally cooled radiofrequency probes can lead to larger lesions.[@b7-jpr-6-505] By treating a greater area of tissue lateral to the posterior sacral foramina, the chance of disrupting the sacral lateral branches will be higher. The aim of this study is to report the long-term efficacy of cooled radiofrequency denervation for sacroiliac joint pain at two years.

Materials and methods
=====================

After institutional review board approval was obtained, a chart review was performed on 20 consecutive patients with chronic sacroiliac joint pain who had received cooled radiofrequency denervation of the sacroiliac joint at the pain management center of a tertiary teaching hospital. After introduction of this new technique of radiofrequency treatment for sacroiliac joint pain, the conventional method of radiofrequency ablation whereby bipolar lesions were created with probes placed within the sacroiliac joint was no longer offered to patients.

Patients were eligible for cooled radiofrequency denervation of the sacroiliac joint only when they met the following criteria: predominant axial pain below L5; chronic pain for more than six months; failure to achieve adequate pain relief with physical therapy or pharmacotherapy; signs and symptoms of sacroiliac joint pain on physical examination; and single positive diagnostic intra-articular sacroiliac joint injection using 3 mL of 0.25% bupivacaine and 20 mg triamcinolone with more than 50% pain relief for at least six hours after the procedure. Patients who had undergone conventional radiofrequency of the sacroiliac joint previously but continued to have pain were also eligible.

Between April 2008 and June 2010, 20 consecutive patients met the inclusion criteria and gave consent for cooled radiofrequency denervation of the sacroiliac joint. The primary outcome measure was pain intensity on the Numeric Rating Scale (NRS, with 0 being "no pain" and 10 being the "worst possible pain"). Secondary outcome measures included Patient Global Impression of Change scale (PGIC, a seven-point scale ranging from "very much improved" \[+3\] to "no change" \[0\] to "very much worse" \[−3\]) and Global Perceived Effect (GPE) for patient satisfaction.[@b8-jpr-6-505] GPE was recorded based on the response to three questions, ie, "My pain is better now than before treatment", "The treatment I received improved my ability to perform daily activities", and "I am satisfied with the treatment I received and would recommend it to others". An affirmative response to all questions was considered to be a positive outcome. A negative response to any of these questions constituted a negative outcome. Statistical analysis using paired *t*-tests was performed using the Statistical Package for the Social Sciences version 17.0 software (SPSS Inc, Chicago, IL, USA).

Cooled radiofrequency denervation
---------------------------------

The SInergy™ system (Kimberly Clark Health Care, Roswell, GA, USA) is a minimally invasive percutaneous technique that uses internally cooled radiofrequency probes.[@b9-jpr-6-505] Radiofrequency energy is delivered from and concentrated around the electrode, generating heat in the surrounding tissue. The hollow lumina of the probes permit continuous cooling of the electrode with circulating water. These internally cooled radiofrequency electrodes act as heat sinks that remove heat from tissue adjacent to the electrode. Cooling can lead to larger lesions because it can remove heat from the tissue adjacent to the electrode tip, preventing charring of tissue and maintaining a low impedance to allow dissipation of heat to a larger area.[@b7-jpr-6-505] As a result, lesions of a larger volume could be produced compared with noncooled electrodes.[@b10-jpr-6-505],[@b11-jpr-6-505] By treating a greater area of tissue lateral to the posterior sacral foramina, the chance of disrupting the lateral sacral branches will be higher.

Cooled radiofrequency denervation using the SInergy™ system was performed as an ambulatory surgical procedure using superficial local anesthesia and intravenous sedation when necessary. Intravenous access was established in the preoperative area. Pulse oximetry and automated blood pressure monitoring were used. A dispersive return electrode pad was placed on the patient on one of the lower extremities. The low back and buttock area was cleaned with povidone-iodine solution and draped in a standard sterile fashion with towels.

Using an anteroposterior fluoroscopic view with a slight ipsilateral (20 degrees) oblique tilt, the S1, S2, and S3 posterior sacral foraminal apertures were identified and a 25-gauge, 3.5 inch Quincke tip needle was cautiously advanced to the most superolateral aspect of each respective neural foramen as determined by anteroposterior and lateral fluoroscopic views ([Figure 1](#f1-jpr-6-505){ref-type="fig"}). These locations served as reference points for placement of the epsilon marker and introducer needles. The beam was returned to the starting anteroposterior fluoroscopic view and appropriate skin starting positions were identified and infiltrated with 3 mL of 1% lidocaine. Using the posterior sacral foraminal aperture as a "clock-face", the epsilon marker was used to guide the positions of the needle to the following locations:

-   S1, right = 1 o'clock, 3 o'clock, and 5 o'clock; left = 11 o'clock, 9 o'clock, and 7 o'clock lateral branches

-   S2, right = 1 o'clock, 3 o'clock, and 5 o'clock; left, 11 o'clock, 9 o'clock, and 7 o'clock lateral branches

-   S3, right = 1 o'clock, 3 o'clock; and left, 11 o'clock and 9 o'clock lateral branches ([Figure 2](#f2-jpr-6-505){ref-type="fig"}).

An 18-gauge SMK introducer needle was inserted under fluoroscopic guidance in a tunnel view approach sequentially onto the target positions described above until the introducer tip touched the bony surface of the sacrum. The needle tip was positioned to be approximately 10 mm from the lateral edge of the posterior sacral foraminal aperture as determined using the epsilon guide. The skin marker was positioned as a skin reference. Lateral views were taken to ensure proper depth of insertion. The stylet was then withdrawn from the introducer, and the 18-gauge SInergy™ radiofrequency probe was fully inserted into the introducer such that the probe tip was superficially suspended approximately 2 mm off the sacral bony surface. At each of the respective target positions, impedance within the range of 200--500 ohms and baseline temperature readings were obtained. Once the position was verified, 1 mL of 0.25% bupivacaine and 5 mg of triamcinolone were injected at each lesion site. Radiofrequency lesioning was then carried out at a set temperature of 60°C for 150 seconds.[@b9-jpr-6-505] Subsequently, the introducer and electrode were repositioned caudally in a stepwise manner to create two additional lesions along the lateral aspect of S1 as well as lesions lateral to the S2 and S3 posterior sacral foraminal apertures.

The respective location of the left or right dorsal rami of L5 over the sacral ala was identified using an oblique fluoroscopic view. Sensory stimulation was obtained at less than 0.5 V and 50 Hz and motor stimulation at 2 Hz was negative up to 1.5 V. The L5 dorsal ramus was then lesioned at 60°C for 150 seconds.

Results
=======

Patient baseline characteristics and outcome measures are presented in [Table 1](#t1-jpr-6-505){ref-type="table"}. The mean age was 54.3 ± 15.4 years. There were 14 female and six male patients. All patients were Asian. Five of the 20 patients had previously received conventional radiofrequency ablation of the sacroiliac joint, either at our institution or at other medical centers. Three patients underwent bilateral sacroiliac joint cooled radiofrequency denervation. Short-term pain relief was observed, with the mean NRS pain score decreasing from 7.4 ± 1.4 at baseline to 4.3 ± 2.4 at one month and to 2.5 ± 2.3 at three months post-procedure (*P* \< 0.001). Long-term pain relief was sustained at one and two years post-procedure, with NRS pain remaining at 3.0 ± 2.4 and 3.1 ± 2.5, respectively (*P* \< 0.001, [Table 2](#t2-jpr-6-505){ref-type="table"}).

None of the patients were consuming opioids before the procedure. Analgesics prescribed included nonsteroidal anti-inflammatory drugs, cyclo-oxygenase type 2 selective inhibitors, tramadol, and combinations of paracetamol and tramadol. Patient 18 was prescribed oral morphine when radiofrequency ablation of the sacroiliac joint failed to give her pain relief and she has since been maintained on long-term morphine therapy. Patient 20 had failed back surgery syndrome and bilateral sacroiliac joint pain, and also underwent bilateral radiofrequency denervation without success, so an intrathecal opioid delivery pump was implanted. In general, patients felt that pain was improved, and the mean PGIC score was 1.4 ± 1.5. GPE for patient satisfaction was positive in 16 of 20 patients. No complications or side effects were observed in any of the patients. The procedure was generally well tolerated by all patients, with postoperative soreness at the injection site for up to one week being the most common complaint.

Discussion
==========

Results in our series of 20 patients demonstrate the long-term efficacy of SInergy™ for cooled radiofrequency denervation of sacroiliac joint pain. To the authors' knowledge, this is the only research showing long-term efficacy of this procedure at two years. Seventy-five percent of the patients showed at least a three-point reduction in NRS for pain, with a statistically significant reduction in mean pain intensity scores. This is considered to be a clinically relevant degree of pain relief.[@b8-jpr-6-505] PGIC for symptom improvement was favorable and GPE for patient satisfaction was positive in 80% of patients.

Various methods of radiofrequency denervation have been reported in the literature. Ferrante et al reported use of radiofrequency denervation with bipolar electrodes for thermoablation along the sacroiliac joint line. In their study, 36.4% of patients had a 50% reduction in pain for a period of at least six months.[@b5-jpr-6-505] Vallejo et al used pulsed radiofrequency denervation of the medial branch of L4, posterior ramus of L5, and lateral branches of S1 and S2. Seventy-three percent of their patients had more than 50% pain relief for 6--32 weeks.[@b12-jpr-6-505] In a pilot study, Cohen and Abdi performed radiofrequency denervation at the medial branch of L4, the dorsal rami of L5, and the lateral branches of S1--S3 in their patients with sacroiliac joint pain. Eight of nine patients had more than 50% pain relief that lasted for more than nine months.[@b13-jpr-6-505] Discrepancies in the success rates for radiofrequency denervation of the sacroiliac joint may be related to the different techniques used or to anatomic variation of the sensory fibers innervating the sacroiliac joint. Yin et al reported that anatomic locations of the lateral sacral branches exited the sacral foramen between the 2 o'clock and 6 o'clock positions on the right, and between the 6 o'clock and 10 o'clock positions on the left, with great variation.[@b4-jpr-6-505] In addition, the number, location, and path of the lateral branches to the sacroiliac joint were not consistent, even within each segmental level in any given cadaver.[@b4-jpr-6-505]

One method of more complete denervation of the sensory branches of the sacroiliac joint is increasing the size of the lesion using internally cooled radiofrequency electrodes. Unipolar radiofrequency creates lesions 2 mm in diameter while bipolar radiofrequency creates larger lesions of up to 6 mm in diameter.[@b14-jpr-6-505] In contrast, cooled radiofrequency denervation may offer improvement over conventional radiofrequency denervation because it produces larger lesions up to 8--10 mm in diameter.[@b10-jpr-6-505]

The use of cooled radiofrequency has been demonstrated in a number of studies. Kapural et al published a case series of 26 patients who underwent sacroiliac joint radiofrequency denervation using the SInergy™ system.[@b15-jpr-6-505] The outcomes were positive, with reduction in pain scores and functional improvement at 3--4 months after the procedure. Fifty-eight percent of the patients experienced at least a two-point decrease in visual analog pain score.[@b15-jpr-6-505] A randomized placebo-controlled trial evaluated the use of cooled radiofrequency denervation in 28 patients with sacroiliac joint pain.[@b16-jpr-6-505] One, three, and six months after the procedure, 11 (79%), nine (64%), and eight (57%) radiofrequency-treated patients experienced pain relief of at least 50% and significant functional improvement. In contrast, only two patients (14%) in the placebo group experienced significant improvement at their one-month follow-up, and none experienced benefit three months after the procedure.[@b16-jpr-6-505] Another randomized, placebo-controlled study including 51 subjects similarly showed statistically significant reductions in pain, physical function, and disability, as well as improved quality of life in the group that had received cooled radiofrequency treatment for sacroiliac joint pain when compared with the sham group.[@b17-jpr-6-505] Treatment success was defined as a ≥50% reduction in NRS pain, corroborated by either a 10-point improvement in the Short Form SF-36 for Bodily Pain or a 10-point improvement in the Oswestry Disability Index, which was achieved in 59% of treated patients at nine months post-procedure. A much larger case series involving a review of 105 patient charts was recently published.[@b18-jpr-6-505] Long-term efficacy was demonstrated in patients who were followed up for 12--20 months after the procedure. Forty-eight percent of these patients had more than a 50% reduction in visual analog pain scores and 85% reported improved quality of life. The success rate for cooled radiofrequency in our case series is similar to that reported for this larger case series.

We acknowledge that there are some limitations to this study, in that it was a retrospective review with no placebo-control or sham-control group. There was also no comparison with conventional radiofrequency treatment for sacroiliac joint pain, so we cannot conclude that cooled radiofrequency is superior to conventional radiofrequency. No serious complications or side effects were observed in our patients. This is consistent with other published reports of cooled radiofrequency denervation for the sacroiliac joint.

Conclusion
==========

To the authors' knowledge, this is the first report in an Asian population showing that cooled radiofrequency denervation of the lateral sacral branches using the SInergy™ system is an effective treatment option for sacroiliac joint pain. Good long-term outcomes at 24 months can be achieved.
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![Lateral fluoroscopic view of the sacrum showing three separate 25-gauge spinal needles placed within the S1, S2, and S3 foramina.](jpr-6-505Fig1){#f1-jpr-6-505}

![Anteroposterior fluoroscopic view of the sacrum showing three separate 25-gauge spinal needles placed within the left S1, S2, and S3 foramina. An epsilon ruler is used as a guide such that the needle tip is positioned about 10 mm lateral to the posterior sacral foramina apertures. The radiofrequency electrode is positioned at the 11 o'clock position of the S1 foramen.](jpr-6-505Fig2){#f2-jpr-6-505}

###### 

Patient characteristics and outcome measures

  No   Age (years)   Sex   Duration of pain (years)   SI Joint involved   Underwent conventional RF   Baseline NRS-pain   1 month post-procedure NRS-pain   3 months post-procedure NRS-pain   6 months post-procedure NRS-pain   1 year post-procedure NRS-pain   2 years post-procedure NRS-pain   PGIC   GPE satisfaction
  ---- ------------- ----- -------------------------- ------------------- --------------------------- ------------------- --------------------------------- ---------------------------------- ---------------------------------- -------------------------------- --------------------------------- ------ ------------------
  1    55            M     2                          Right               Yes                         7                   2                                 5                                  3                                  3                                3                                 2      Positive
  2    62            F     4                          Right               No                          5                   5                                 0                                  0                                  0                                0                                 3      Positive
  3    84            F     6                          Left                No                          8                   5                                 1                                  1                                  1                                1                                 3      Positive
  4    54            M     11                         Left                No                          8                   7                                 0                                  8                                  7                                7                                 −1     Negative
  5    85            F     4                          Left                No                          6                   5                                 1                                  1                                  1                                1                                 3      Positive
  6    61            F     4                          Left                No                          5                   2                                 0                                  0                                  0                                0                                 3      Positive
  7    28            F     4                          Left                Yes                         8                   2                                 2                                  2                                  2                                2                                 2      Positive
  8    43            F     3                          Right               Yes                         8                   4                                 3                                  3                                  3                                3                                 2      Positive
  9    49            M     4                          Left                No                          7                   2                                 2                                  2                                  3                                3                                 2      Positive
  10   57            F     2                          Left                No                          8                   4                                 4                                  4                                  4                                4                                 1      Positive
  11   37            F     2                          Right               Yes                         9                   7                                 0                                  0                                  0                                0                                 3      Positive
  12   72            F     3                          Left                No                          8                   1                                 5                                  1                                  1                                1                                 2      Positive
  13   54            F     2                          Left                No                          8                   3                                 3                                  2                                  3                                3                                 1      Positive
  14   41            M     2                          Bilateral           No                          8                   3                                 3                                  3                                  3                                5                                 0      Positive
  15   56            F     3                          Bilateral           No                          5                   5                                 0                                  5                                  5                                5                                 −1     Negative
  16   72            F     2                          Right               No                          8                   0                                 0                                  0                                  0                                0                                 3      Positive
  17   32            M     2                          Left                No                          8                   6                                 6                                  6                                  6                                6                                 1      Positive
  18   63            F     3                          Right               Yes                         8                   5                                 2                                  5                                  8                                8                                 −1     Negative
  19   64            F     3                          Right               No                          5                   9                                 6                                  3                                  5                                5                                 0      Positive
  20   60            M     5                          Bilateral           No                          10                  8                                 7                                  8                                  5                                5                                 0      Negative

**Abbreviations**: GPE, Global Perceived Effect; NRS, Numeric Rating Scale; PGIC, Patient Global Impression of Change; RF, radiofrequency; SI, Sacroiliac.

###### 

Outcome measures

                                  Mean   SD    *P* value
  ------------------------------- ------ ----- -----------
  **NRS-pain**                                 
  Pre-treatment                   7.4    1.4   
  Post-treatment                               
   1 month                        4.3    2.4   \<0.001
   3 months                       2.5    2.3   \<0.001
   6 months                       2.9    2.5   \<0.001
   1 year                         3.0    2.4   \<0.001
   2 years                        3.1    2.5   \<0.001
  **Patient subjective rating**                
  Post-treatment PGIC             1.4    --    

**Abbreviations:** NRS, Numeric Rating Scale; PGIC, Patient Global Impression of Change; SD, standard deviation.
